Blood pressure (BP) responses to the changes of salt intake. Definition of salt sensitivity of blood pressure (SSBP) is that BP of some members of the population exhibits changes parallel to changes in salt intake. 1 About half of the hypertensions and 26% of the normotensives are salt sensitivity. [2] [3] [4] SSBP and high salt intake will increase the risk of cardiovascular complications 5, 6 and may lead to left ventricular hypertrophy, microalbuminuria, and endothelial dysfunction. 7 BP responses to sodium intake are partially under genetic control. The heritability of SSBP is about 50% in Chinese subjects, which is higher than that of hypertension. 8 Genes can influence SSBP through different pathways. Renin-angiotensin system involves in regulating renal sodium transportation, especially under the condition of sodium deficit, 9 and it is the most important regulator of BP. It has been demonstrated that AGT, 10 AGTR1, 11 CHP11B2, 12 and STRN 13 genes in renin-angiotensin system pathway are associated with salt-sensitive hypertension (SSH). Additionally, genes that regulate vascular smooth muscle tone, like SLC24A3 and SLC8A1 1 , can influence SSH through modifying the concentration of Ca 2+ . Moreover, GRK4 gene variants can also affect hypertension and salt sensitivity through impaired natriuretic response. 14-16 Recent genome-wide association study (GWAS) also demonstrated several novel genes associated with SSH. PRKG1 gene was found to be associated with variation in diastolic BP (DBP) after acute salt load on 329 subjects. 1 The Genetic Epidemiology Network of Salt Sensitivity (GenSalt) study 17 demonstrated that MKNK1, C2orf80, EPHA6, SCOC-AS1, SCOC, CLGN, MGAT4D, ARHGAP42, CASP4, and LINC01478 genes interacted with sodium to influence BP among 1,876 Chinese participants.
tissue renin-angiotensin system. Abnormally renal tubular reclamation of Na + and Cl − may contribute to the anomalous BP change in diuresis shrinkage. 20 Different underlying pathophysiological mechanism may indicate different genetic mechanism involved in the process of acute salt loading and diuresis shrinkage. GenSalt study recently found that genes in natriuretic peptide system 21 and SGK1 gene 22 were associated with BP response to 7-day low-sodium or high-sodium dietary intervention. Snyder et al. 23 found that Arg16Gly polymorphism in ADRB2 gene affected natriuretic response to acute saline infusion, which may impact BP regulation. However, GenSalt study focuses on genetic determinants which may affect BP change during chronic sodium loading. Although the study conducted by Snyder et al. focuses on acute salt loading, the sample size is relatively small (n = 31). Studies identifying specific genes involved in BP changes parallel to acute salt loading and diuresis shrinkage of a considerable sample size are still limited.
In the present study, we aimed at identifying single-nucleotide polymorphism (SNPs) associated with BP changes during the process of acute oral saline load and diuresis shrinkage. A review as preformed to select candidate genes, and a modified Sullivan's acute oral saline load and diuresis shrinkage test (MSAOSL-DST) was used to identify salt sensitivity hypertension.
METHODS

Study population and data collection
The study was conducted in 4 communities in a district of Beijing in 2011. Inclusion criteria was as follows: (i) Chinese Han unrelated residents who had been living in Beijing for more than 5 years; (ii) Essential hypertension diagnosed by secondary hospital or tertiary hospital, or on antihypertension medications; (iii) Stage 1 hypertension (140 mm Hg ≤ systolic BP (SBP) ≤ 159 mm Hg and/or 90 mm Hg ≤ DBP ≤ 99 mm Hg). All the participants were asked to stop taking antihypertensive medicine for at least 12 hours. Participants with cardiac insufficiency, cardiomyopathy, valvulopathy, congenital heart disease, myocardial infarction, stroke, type 2 diabetes mellitus, hepatopathy, nephropathy, cancer, and secondary hypertension were excluded. Our protocol was approved by Ethics Committee of Capital Medical University. All participants provided their informed consent prior participating in this study. In the end, 342 unrelated hypertension patients were recruited.
Demographic characters, lifestyle risk factors, and medical history of chronic diseases and medication history were collected through a face-to-face interview by trained interviewers using uniform questionnaires. Smoking was defined as at least 1 cigarette per day, lasting for more than 1 year. Those who have not smoked for at least 3 months were defined as smoking cessation. Mercury column type sphygmomanometer was used to measure BP. People who had smoked, exercised, had caffeinated products, or other stimulants will be asked to delay obtaining BP measurements for at least 30 minutes. Two staffs were adequately trained in BP techniques follow the recommendations of the American Heart Association, 24 and they measured the BP of all the participants in this study. BP measurement was taken 3 times at the right brachial artery after the participant has rested in a seated position for 5 minutes. MAP was computed according to the standard formula MAP = (SBP + 2 × DBP)/3. MAP was used to represent BP. Each patient was asked to provide a collection of 24-hour urine, and after abandon the first urine at 6:00 am, participants collected all urine from then on to the next 6:00 am. One-milliliter urine was derived from the mixed 24-hour urine to measure the concentrate of Na + .
Assessment of salt sensitivity
The assessment of salt sensitivity was achieved by a modified Sullivan's method (MSAOSL-DST) which has been described in detail in our previously published paper. 25, 26 Each fasting participant orally took 1,000 ml 0.9% NaCl on 8:00 am within 30 minutes. BP was measured before salt intake and 2 hours after salt loading. Then participants took 40-mg furosemide orally, and were measured for BP 2 hours later again. MAP raising more than 5 mm Hg after acute salt loading and (or) MAP reducing more than 10 mm Hg after diuresis shrinkage test was defined as SSH. MAP raising less than 5 mm Hg after acute salt loading and (or) MAP reducing less than 10 mm Hg after diuresis shrinkage was defined as salt-resistant hypertension.
Candidate gene selection
Candidate genes were select based on the following inclusion criteria. Candidate genes have been reported to be associated with SSH (or SSBP) in Chinese population, or associated with SSH in GWAS, or associated with SSH (or SSBP) in meta-analysis or systematic review.
Genetic data were downloaded from database of the international HapMap Project (HapMap Data Rel 24/phase IINov08, on NVBI B36 assembly, dbSNP b126), and SNPs with the minor allele frequency in Han Chinese population more than 0.10 were selected by the Haploview 4.0 software (version 4.0; Mark Daly's Laboratory, Broad Institute; http:// sourceforge.net/projects/haploview/).
DNA extraction and genotyping
We selected 29 SNPs to test their association with SSBP. Genomic DNA was extracted from the peripheral blood with a QIAamp DNA Blood Mini Kit (Tiangen, Hilden, Germany). Sequenom Mass ARRAY Platform was used to do genotyping (San Diego, CA). All SNPs in this report had a genotyping success rate of >90%. The value of OD260/ OD280 was calculated in order to evaluate the concentration of DNA. Result showed that the DNA concentration was >10 ng/µl if OD260/OD280 was between 1.7 and 2.0.
Statistical analysis
If all continuous variables were with normal distribution, then means ± SDs were reported, otherwise, medians ± quintiles were reported. Number (percentages) was reported for categorical variables. Student's t-test was used to examine the difference between 2 groups of continuous variables with normal distribution. Wilcoxon rank-sum nonparametric test was used to explore the disparity of continuous variables with nonnormal distribution. Chisquared test was used to test for the difference of categorical variables. Chi-squared test was conducted to each SNP in control group to detect for deviation from Hardy-Weinberg equilibrium. Generalized linear model was used to examine the associations of the SNPs with SSBP. False discovery rate (FDR) was calculated to account for multiple testing. All analysis was conducted in IBM SPSS Statistics 19.0 software (SPSS, Chicago, IL).
RESULTS
General information of SNPs and characteristics of participants
The minor allele frequency of 29 selected SNPs ranged from 10.8% to 46.0%. All SNPs were in Hardy-Weinberg equilibrium in control group (P > 0.05). Details were show in Table 1 .
Characteristics of the 342 subjects were shown in Table 2 . The average age was significantly lower in salt-resistant hypertension group than in SSH group (57.16 ± 8.35 vs. 59.62 ± 8.95 years, P = 0.038). Twenty-four hour urinary sodium concentration of SSH group (118 ± 49.59 mmol/l) was significantly higher than that in salt-resistant hypertension group (104.03 ± 45.95 mmol/l). No significant differences were found in gender, smoking, drinking, exercise, body mass index, blood lipid, and 24-hour urine sodium content between salt-resistant hypertension and SSH groups.
Association between SNPs and SSBP
Each SNP was tested for the association with BP change in both process of acute salt loading and diuresis shrinkage test. In the process of acute salt loading, P values of those SNPs significantly associated with BP change before FDR correction and FDR_q values were shown in Table 3 . SNPs in CYP11B2, PRKG1, SLC8A1 genes showed significant association with SBP rising in additive and recessive model after adjusting for age and 24-hour urinary sodium concentration. SNPs in CYP4A11, PRKG1, SLC8A1, and ADRB2 genes showed significant association with DBP rising in recessive model after adjusting for potential confounders. After FDR correction, only rs434082 in SLC8A1 gene was significantly associated with DBP and MAP rising after acute sodium loading.
In the process of oral taking furosemide, SNPs in CLCNKA, eNOS, PRKG1 gene were associated with SBP decreasing, and SNPs in PRKG1 gene was associated with DBP decreasing. After FDR correction, rs7961152 in BCAT1 was significantly associated with SBP reduction in recessive model with and without adjusting for potential confounders. Details of the results were shown in Table 3 .
Association between rs434082 in SLC8A1 gene and SSBP Rs434082 in SLC8A1 gene was found to be significantly associated with BP change in the process of acute salt loading after FDR correction. The effect size (β) and 95% confidence interval for association between rs434082 in SLC8A1 gene and SSBP were shown in Table 4 
DISCUSSION
Our study demonstrated that SNPs in CYP11B2, ADRB2, SLC8A1, CYP4A11 genes were nominally associated with BP rising after acute salt loading, while SNPs in BCAT1, CLCNKA, and eNOS gene nominally associated with BP reduction during diuresis shrinkage. Rs1904694 in PRKG1 gene involved in BP changes during both processes. After adjusted for multiple testing, rs434082 in SLC8A1 gene was significantly associated with BP rising after acute salt loading.
Luft et al. 18 demonstrated firstly in 1977 that a 4-hour intravenous infusion of 2 l saline and a 10 mmol sodium diet plus 40 mg furosemide orally could identify salt sensitivity. Various methods have been modified to identify salt sensitivity after that. Sullivan et al. provided evidence that daily 150 mmol sodium intake can distinguish sodium sensitivity efficiently. 25 However, there is not a standard protocol to identify salt sensitivity. In the present study, acute oral salt loading and oral furosemide were used together to identify salt sensitivity. This method is modified from Sullivan's salt sensitivity test, and has been used in Chinese population previously. 27 GenSalt study focus on response to 7-day lowsodium or high-sodium dietary intervention, 21 ,22 while our current study focus on BP changes in the process of acute salt loading and diuresis shrinkage. Because salt sensitivity tests are usually in poor compliance, it is especially hard to distinguish salt sensitivity people in the community-based study. As an important strength, participants were recruited from community in this study, which can avoid selection bias. Current study recruited 342 hypertension individuals to define their salt sensitivity status. To our knowledge, among the studies use acute sodium loading and diuresis shrinkage to distinguish salt sensitivity, this study is the largest community-based study in China. What is more, it is the first study to explore SNPs involved in BP response in both process of acute salt loading and diuresis shrinkage in a Han Chinese population. In the current study, polymorphisms in CYP11B2, ADRB2, and SLC8A1 gene were associated with ascending BP during acute salt loading before FDR correction. CYP11B2 gene is in renin-angiotensin system pathway. ADRB2 gene is involved in the synthesis of catecholamine's receptor and in the pathway associated with sympathetic nervous system. SLC8A1 gene regulates vascular smooth muscle tone through an increase in the concentration of cytoplasmic calcium (Ca 2+ ). All the above genes are involved in the process of increasing vascular reactivity.
On the contrary, most genes associated with BP reduction after diuresis shrinkage were involved in decreasing vascular reactivity or renal sodium transport. For example, eNOS gene related to nitric oxide (NO) synthesis was associated with BP reduction after diuresis shrinkage. Increasing NO production can lead to endothelial vasodilatation and decrease sodium transport. Regulation of SSBP is a complex and systematic biological process. Our results suggested genes related to increasing vascular reactivity and renal sodium transport were associated with BP rising after acute salt loading, while genes related to decreasing vascular reactivity and renal sodium transport were associated with BP reducing after diuresis shrinkage.
SNPs in PRKG1 gene were nominally associated with SSBP in both process of acute salt loading and diuresis shrinkage. PRKG1 gene locates on chromosome 10, and encodes the soluble guanosine 3′,5′-cyclic phosphate-dependent protein kinase type. PRKG1 proteins can not only cause vascular smooth muscle contraction by reducing the activity of NO, but also raise BP by increase Ca 2+ concentration in cells. It has been demonstrated that salt sensitivity is triggered by Ca 2+ entry through in arterial smooth muscle. 28 A Table 3 . P values (before/after FDR correction) for association between SNPs and BP change after acute salt loading and diuresis shrinkage Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; FDR, false discovery rate; MAP, mean arterial pressure; SNP, single-nucleotide polymorphism.
a Adjusted for age and 24-hour urinary sodium concentration. b ΔSBP1, ΔDBP1, and ΔMAP1 were defined as the BP after acute salt loading for 2 hours minus BP before acute salt loading. c FDR_q < 0.05.
GWAS conducted by Citterio et al.
showed that rs7897633, which locates in the first introns of PRKG1 gene, might be associated with variation in DBP after acute salt loading (P = 2.34 × 10 -5 ). 1 Our study showed rs7897633 in PRKG1 associated with SBP and DBP after acute salt loading before FDR correction, which was consistent with this GWAS. We also found rs1799983 in eNOS gene was associated with BP reduction after diuresis shrinkage before FDR correction. PRKG1 involved in NO signaling, while eNOS is also related to NO synthesis. These 2 genes have been shown to be associated with vascular smooth muscle (VSM) dysfunction and essential hypertension in previous studies. 1 In the current study, SNPs within these 2 genes contribute to the process of both BP rising after acute oral salt loading and BP reduction after diuresis shrinkage, which indicated the important role of VSMs function in regulating BP. After FDR correction, rs434082 in SLC8A1 gene was significantly associated with BP rising after acute salt loading. SLC8A1 codes for Na + /Ca 2+ exchanger type 1, which plays an important role in the biochemical control of peripheral vascular resistance, and is involved in the pathogenesis of hypertension and salt sensitivity. 29, 30 SLC8A1 gene was previously found to be associated with SBP and hypertension in KoraS3 cohort (P < 10 -3 ). 31 Another recent study of candidate genes for SSH demonstrated a significant interaction between SLC8A1 gene and renal pressure-natriuresis in response to acute salt loading, supporting the pathophysiological mechanisms of the effect of SLC8A1 gene on SSH. This study also revealed that SLC8A1 gene rs434082 had an effect size of 3.16 mm Hg on SBP response to salt loading, 1 which was consistent with our results.
In the current study, rs7961152 in BCAT1 gene was found to be associated with SBP in recessive model after FDR correction. The Wellcome Trust Case Control Consortium (WTCCC) conducted a GWAS and highlighted rs7961152 in BCAT1 gene might be associated with essential hypertension (P = 3.03 × 10 -5 ). 32 Two years later, Hong et al. found rs7961152 was associated with hypertension risk in Korean population (odds ratio = 1.286, P = 0.040). 33 Another study conducted in 101 Korean participants also found rs7961152 to be significantly associated with salt sensitivity after adjusting for potential confounders. 34 Our result was consistent with the above studies. Branched chain aminotransferase 1 (BCAT1) are essential for cell growth and apoptosis, and it had been reported to be associated with different types of cancer. 35, 36 The mechanisms of its effect to salt sensitivity are still unclear.
As a limitation of the current study, because only 2 participants had AA genotype in rs7961152, the statistical power in recessive model is relatively low. Larger sample size is still needed to confirm our positive results. However, the statistical power of our main results, the association between rs434082 in SLC8A1 gene and BP change after acute sodium loading in additive and recessive model, was above 90%. Thus, although the sample size is relatively small to explore the effect of every candidate SNP on BP change, it is large enough to detect the effect of rs434082 in SLC8A1 on SBP after acute salt load. This result may indicate a potential pathogenesis of salt sensitivity hypertension.
In conclusion, we found SLC8A1 gene rs434082 contributes to BP change in the process of acute salt loading in Han Chinese population. 
